Myosin VII is an unconventional myosin widely expressed in organisms ranging from amoebae to mammals that has been shown to play vital roles in cell adhesion and phagocytosis. Here we present the first study of the mechanism of action of a myosin VII isoform. We have expressed a truncated single-headed Drosophila myosin VIIB construct in the baculovirus-Sf9 system that bound calmodulin light chains. By using steady-state and transient kinetic methods, we showed that myosin VIIB exhibits a fast release of phosphate and a slower, rate-limiting ADP release from actomyosin. As a result, myosin VIIB will be predominantly strongly bound to actin during steady-state ATP hydrolysis (its duty ratio will be at least 80%). This kinetic pattern is in many respects similar to that of the singlemolecule vesicle transporters myosin V and VI. The enzymatic properties of myosin VIIB provide a kinetic basis for processivity upon possible dimerization via the C-terminal domains of the heavy chain. Our experiments also revealed conformational heterogeneity of the actomyosin VIIB complex in the absence of nucleotide.
Myosin VII is an unconventional myosin widely expressed in organisms ranging from amoebae to mammals that has been shown to play vital roles in cell adhesion and phagocytosis. Here we present the first study of the mechanism of action of a myosin VII isoform. We have expressed a truncated single-headed Drosophila myosin VIIB construct in the baculovirus-Sf9 system that bound calmodulin light chains. By using steady-state and transient kinetic methods, we showed that myosin VIIB exhibits a fast release of phosphate and a slower, rate-limiting ADP release from actomyosin. As a result, myosin VIIB will be predominantly strongly bound to actin during steady-state ATP hydrolysis (its duty ratio will be at least 80%). This kinetic pattern is in many respects similar to that of the singlemolecule vesicle transporters myosin V and VI. The enzymatic properties of myosin VIIB provide a kinetic basis for processivity upon possible dimerization via the C-terminal domains of the heavy chain. Our experiments also revealed conformational heterogeneity of the actomyosin VIIB complex in the absence of nucleotide.
Myosins constitute a diverse superfamily of actin-based motors consisting of at least 19 classes (1). Myosins from class VII have been shown to be expressed in various organisms including Dictyostelium, Caenorhabditis, Drosophila, mouse, and humans (2-6). Myosin VII isoforms have been implicated to play vital roles in cell adhesion and phagocytosis (7, 8) . In mammals there are two myosin VII genes termed VIIA and VIIB. Mutations of myosin VIIA in humans are responsible for Usher syndrome type 1B characterized by hearing impairment and retinitis pigmentosa (9, 10) . In mice, myosin VIIA mutants (shaker-1) exhibit severe sensory dysfunction because of disorganization of the stereocilial bundle of auditory hair cells (3) . Lack of myosin VIIA activity in Drosophila crinkled (ck) mutants results in deafness or embryonic/larval lethality (5, 11) . Based on motor domain sequence analysis, the fly myosin VIIs form a distinct phylogenetic cluster from the group of mammalian myosin VIIs, and thus Drosophila myosins VIIA and VIIB are not orthologous to their mammalian counterparts (12) . On the other hand, loss of myosin VIIA function causes deafness in both Drosophila and mammals (3, 9 -11) .
As in most other myosins, the myosin VII heavy chain consists of an N-terminal motor domain containing the actin and ATP-binding sites, a neck (light chain-binding) domain, and a C-terminal tail consisting of several effector domains. The tail of myosin VII comprises a putative coiled-coil region, two MyTH4 and FERM domains, and a Src homology 3 domain. These domains interact with various binding partners of effector function. One of the identified binding partners is MyRIP (myosin VIIA-and Rab-interacting protein) that associates with the myosin VIIA tail domain and Rab27A to connect retinal melanosomes to the actin cytoskeleton and regulate their trafficking (13) . Another binding partner is vezatin, which can interact with both the myosin VIIA C-terminal FERM domain and the cadherin-catenin complex and thus create a link between adherens junctions and the actin cytoskeleton and strengthen cell-cell adhesion (14) . Talin has recently been shown to associate directly with myosin VII in Dictyostelium, thus mediating cellsubstrate adhesion and filopodial extension (6, 14) . These data indicate a role for myosin VII in organelle transport and the maintenance of contact and/or tension between the actin cytoskeleton and the cell membrane.
Although two mammalian myosin VIIA orthologs have been shown to exhibit actin-activated ATPase activity and in vitro motility (15, 16) , no detailed mechanistic study has been performed on any myosin VII isoform. In the present paper, we report an in-depth biochemical kinetic characterization of a recombinant single-headed Drosophila myosin VIIB construct (mVIIB-S1). We demonstrate that this myosin uses a kinetic mechanism characterized by a high actin attachment ratio during rapid ATPase cycling. These properties are mainly defined by the kinetics of sequential product release steps (fast phosphate release and rate-limiting ADP dissociation). These features, which are similar to those of myosin V and VI, will be of central importance in the tensionbearing and/or possible processive transport role of myosin VII in cells.
EXPERIMENTAL PROCEDURES
Expression and Purification of the Myosin VIIB-S1 (mVIIB-S1) Protein-A cDNA fragment encoding the first 842 amino acids (motor domain plus all five predicted light chain-binding IQ motifs) of the Drosophila myosin VIIB heavy chain (Myo28B1) was amplified from an earlier Drosophila myosin VIIB clone (12) and subcloned into baculovirus transfer vector pFastBac1 (Invitrogen). The complete nucleotide sequence of the recombinant plasmid was confirmed by doublestranded DNA sequencing. A FLAG tag (DYKDDDDK) was fused to the C terminus of mVIIB-S1 to aid purification. mVIIB-S1 was co-expressed with Drosophila calmodulin in Sf9 cells. The expressed mVIIB-S1 protein was purified as described previously for non-muscle myosin IIA heavy meromyosin (17) .
Kinetic Measurements-Steady-state ATPase activities were measured by an NADH-coupled assay at 25°C as described previously (18) in the presence of 10 mM MOPS 3 (pH 7.0), 2 mM MgCl 2 , 0.15 mM EGTA, 1 mM ATP, and 10 mM KCl. Stopped-flow measurements were performed using a KinTek SF-2001 stopped-flow instrument (KinTek Corp., Austin, TX) at 25°C in a buffer containing 20 mM MOPS (pH 7.0), 5 mM MgCl 2 , 0.05 mM EGTA, and 50 mM KCl (10 mM KCl was used in stopped-flow experiments measuring P i release). Optical setups were as described previously (19) . Quenched-flow experiments were carried out using a KinTek RQF-3 quenched-flow instrument as described earlier (18) except that 1 M HCl was used as a chemical quench instead of * The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. 1 trichloroacetic acid. Reagent concentrations stated in rapid mixing experiments refer to post-mix concentrations unless stated otherwise. Actin from rabbit skeletal muscle was prepared (20) and pyrenelabeled (21) as described. Actin filaments were stabilized by a 1.5-fold molar excess of phalloidin (Calbiochem) in all experiments. mVIIB-S1 and acto-mVIIB-S1 were made nucleotide-free by preincubation with 0.02 units/ml apyrase for 30 min at 25°C when required. 2Ј-Deoxymethylanthranyloyl-ATP and -ADP (dmATP and dmADP, respectively) and fluorescently labeled bacterial phosphate-binding protein (MDCC-PBP) (22) were generously provided by Dr. Howard White (Eastern Virginia Medical School). Other reagents were from Sigma.
Means Ϯ S.D. are reported for 2-3 rounds of experiments. Data fitting and analysis was done using the KinTek SF-2001 software and OriginLab 7.0 (Microcal Corp.).
RESULTS
Construct Design and Expression-The mVIIB-S1 heavy chain construct we used contains the motor domain and the entire neck region of Drosophila myosin VIIB, up to the beginning of the predicted coiled-coil segment. We co-expressed the mVIIB-S1 heavy chain with Drosophila calmodulin, because bovine myosin VIIA has been shown previously to bind calmodulin in immunoprecipitation experiments (16) . The mVIIB-S1 construct showed reasonably good levels of expression in the baculovirus-Sf9 system, and generally 1 mg of protein could be purified from 10 9 cells. Previously, we identified the presence of five putative light chainbinding IQ motifs in the neck region of Drosophila myosin VIIB (12) . Most interestingly, the relative intensities of the heavy chain and calmodulin bands in the electrophoretic profile of purified mVIIB-S1 indicated that calmodulins bind in a smaller number to the heavy chain (Fig. 1) .
ATPase Mechanism in the Absence of Actin-We used 2Ј-deoxymant-ATP (dmATP), a fluorescent ATP analog, to monitor the kinetics of ATP binding to mVIIB-S1. When mixed with mVIIB-S1 in the stopped-flow apparatus under pseudo-first-order conditions, dmATP showed a single exponential fluorescence increase on binding to the protein ( Fig. 2A, inset) . The second-order binding rate constant calculated from the linear slope of the plot of the observed rate constant (k obs ) Fig. 2A) . (The kinetic frame- 
Pyrene-actin 0.034 0.032 0.06 work used for the actomyosin ATPase cycle is shown in Scheme 1. TABLES ONE and TWO summarize all parameters measured in this study.) Similarly to other myosins (23-25), mVIIB-S1 showed an increase in tryptophan fluorescence on interacting with ATP. The tryptophan fluorescence increase occurs upon a protein isomerization occurring on nucleotide binding (k 2 in Scheme 1) and/or on the ATP hydrolysis step (k 3 ϩ k Ϫ3 ). The maximal k obs likely reflects the kinetics of the ATP hydrolysis step (k 3 ϩ k Ϫ3 ), with possible contributions from k 2 . The tryptophan fluorescence increase transients were single exponential, and their k obs showed saturation around 160 s Ϫ1 (Fig. 2B) To monitor directly ATP hydrolysis in the transient state, we performed quenched-flow experiments with mVIIB-S1. When mVIIB-S1 was rapidly mixed with a substoichiometric amount of [␥-32 P]ATP (single turnover conditions), the time course of ATP hydrolysis consisted of two phases (Fig. 2C) . ATP hydrolysis in the fast phase was rate-limited by ATP binding. The fractional amplitude of this phase (A fast ϭ 0.74) reflects the equilibrium constant of the ATP hydrolysis step (K 3 ϭ A fast / (1 Ϫ A fast ) ϭ 2.8), which rapidly equilibrates after ATP binding. The subsequent slow and irreversible release of phosphate in the second phase (k 4 ) completes the reaction (Fig. 2C) . The value thus obtained for K 3 is likely to represent a lower limit for the equilibrium constant, because the second phase was difficult to resolve accurately. In a multiple turnover experiment in which mVIIB-S1 was mixed with excess ATP, an exponential P i burst of 0.48 mol of P i /mol of S1 was observed, which was followed by a linear phase of steady-state ATP hydrolysis (Fig. 2C, inset) . The lower burst than that in the single turnover measurement may result from the fact that the multiple turnover experiment is influenced by uncertainties in protein concentration determination and/or the presence of a minor inactive subpopulation in the mVIIB-S1 preparation.
We monitored the interaction of mVIIB-S1 with ADP using dmADP, a fluorescent nucleotide analog. Upon mixing mVIIB-S1 with excess dmADP in the stopped-flow, single exponential traces were observed as dmADP fluorescence increased on binding to mVIIB-S1. The dependence of k obs on dmADP concentration was linear in the observed range (Fig. 2D) . The slope of the plot yielded a second-order binding rate constant (k Ϫ5 ) of 2.3 Ϯ 0.1 M Ϫ1 s Ϫ1 , and the intercept delineated an off-rate constant (k 5 ) of 9.0 Ϯ 0.2 s Ϫ1 . The off-rate constant was confirmed in chasing experiments in which the complex of mVIIB-S1 with dmADP was mixed with a large excess of ATP in the stopped-flow (Fig.  2D, inset) . These experiments yielded a k 5 of 10.1 Ϯ 0.7 s Ϫ1 .
Because all measured steps of the basal mVIIB-S1 ATPase cycle (ATP binding, hydrolysis, and ADP release) appear to be much faster than the measured basal steady-state ATPase rate (0.020 s Ϫ1 measured in a NADH-coupled steady-state assay), it is likely that the latter is limited largely by the phosphate release step (k 4 ), as is the case in all myosins examined. Actin Activation of the Steady-state ATPase Activity-The steadystate ATPase activity of mVIIB-S1 was activated by actin to a maximum (V max ) of 8.4 Ϯ 0.6 s Ϫ1 ( Fig. 3 and TABLE ONE). The actin concentration required for half-maximal activation (K ATPase ) was 39 Ϯ 5 M. Note that these steady-state measurements were done in 10 mM KCl instead of 50 mM KCl applied in most transient kinetic experiments of the present study. Actin Binding in the Absence of Nucleotide and in ADP-Actin sitespecifically labeled with pyrene has been used extensively to monitor the strong binding interaction of myosin with actin in the case of many myosins (26, 27) . Pyrene-actin showed a large (Ͼ50%) fluorescence quench on binding to mVIIB-S1, which we could exploit in measuring the actin binding kinetics of mVIIB-S1 by mixing mVIIB-S1 or mVIIB-S1⅐ADP with pyrene-actin under pseudo-first-order conditions in the stopped-flow (Fig. 4A, inset) . and in ADP (k Ϫ10 ), respectively. The rate constant of mVIIB-S1 dissociation from actin is expected to be low and therefore cannot be accurately determined from the intercepts of the plots of Fig. 4A . Thus, we performed chasing experiments in which the pyrene-acto-S1 rigor complex or the pyrene-acto-S1⅐ADP ternary complex was rapidly mixed with excess unlabeled actin in the stopped-flow. Fig. 4B shows the obtained pyrene fluorescence transients. Single exponential fits to the transients revealed dissociation rate constants from actin of 0.042 and 0.034 s Ϫ1 , respectively, for S1 (k 6 ) and S1⅐ADP (k 10 ). Single exponential fits showed some systematic deviation from the traces (Fig. 4B) . Although the introduction of an additional phase slightly improved the fits (data not shown), the k obs values of the two phases were only separated by factors of 3-4 and thus may not bear practical significance. Therefore, we believe that the reported single exponential rate constants represent reasonably good estimates for the dissociation rate constants. These results demonstrate that the presence of ADP does not notably affect the kinetics of actin binding and release.
Interaction of Acto-mVIIB-S1 with Nucleotides-We followed the kinetics of ATP-induced dissociation of the pyrene-acto-mVIIB-S1 complex in stopped-flow experiments in which pyrene-acto-mVIIB-S1 was mixed with increasing concentrations of ATP under pseudo-firstorder conditions. Most interestingly, the traces were clearly triphasic throughout the ATP concentration range examined, which is a more complicated behavior than that observed with other myosins (Fig. 5A , 
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Pyrene-actin The experiments above assessed ATP binding to a nucleotide-free pyrene-acto-mVIIB-S1 complex. We investigated the effect of ADP on this process by preincubating pyrene-acto-mVIIB-S1 with different concentrations of ADP, and by mixing these pre-mixtures with a large excess of ATP (250 M post-mix) in the stopped-flow. These experiments also produced triphasic pyrene fluorescence transients. However, the k obs values of the three phases remained constant with increasing ADP concentration (phase 1, 150 Ϯ 40 s Ϫ1 ; phase 2, 9.8 Ϯ 3.5 s Ϫ1 ;
and phase 3, 1.2 Ϯ 0.2 s Ϫ1 ) (Fig. 5C ). The fractional amplitudes of phases 1 and 2 flipped over in a hyperbolic manner (with phase 1 amplitude decreasing and phase 2 amplitude increasing) with increasing ADP con- centration, indicating an ADP dissociation constant (K 5 Ј) of 1.7 Ϯ 0.9 M (Fig. 5D ; TABLE ONE). The fractional amplitude of phase 3 (0.21 Ϯ 0.03) remained constant over the ADP concentration range examined.
The binding of dmATP to nucleotide-free acto-mVIIB-S1 under pseudo-first-order conditions was also multiphasic. This finding is again unusual in myosins and is in line with the pyrene-actin results discussed above. Upon mixing acto-mVIIB-S1 with dmATP under pseudo-first-order conditions in the stopped-flow, two exponential phases of dmATP fluorescence increase were observed throughout the examined dmATP concentration range (Fig. 6A) The binding of dmADP to acto-mVIIB-S1 was monophasic. The dependence of the k obs values of the binding transients on dmADP concentration delineated a linear slope (k Ϫ5 Ј) of 2.7 Ϯ 0.4 M Ϫ1 s Ϫ1 and an intercept (k 5 Ј) of 16 Ϯ 1 s Ϫ1 ( Fig. 6B ; TABLE ONE). The absolute amplitude of the transients depended hyperbolically on dmADP concentration and indicated a dissociation constant (K 5 Ј) of 2.7 Ϯ 0.4 M (Fig. 6B,  inset) . The dmADP release rate constant (k 5 Ј) was also measured in a chasing experiment in which the acto-mVIIB-S1⅐dmADP ternary complex was mixed with a large excess of ATP (Fig. 6C) . The single exponential dmADP dissociation transients delineated a k 5 Ј of 9.6 Ϯ 1.3 s
Ϫ1
in these experiments (TABLE ONE) . Phosphate Release-We measured P i release using MDCC-PBP, a fluorescently labeled phosphate-binding protein (22, 28) . In doublemixing stopped-flow experiments, mVIIB-S1 was first rapidly mixed with sub-stoichiometric amounts of ATP (single turnover conditions), incubated for 1 s for ATP binding and hydrolysis to occur (cf. K 1 k 2 , and k 3 ϩ k Ϫ3 in TABLE ONE), and then rapidly mixed in the second mix with a range of actin concentrations to facilitate P i release from the mVIIB-S1-products complex (28) . After the first mix, an equilibrium mixture of the pre-and post-hydrolysis species will form (M⅐ATP and M⅐ADP⅐P i in Scheme 1). The P i release transients obtained under these conditions reflect two processes. First, the binding of M⅐ADP⅐P i to actin (K 9 ) and subsequent P i release (k 4 Ј) will result in a phase whose k obs is expected to depend hyperbolically on actin concentration (Fig. 7, A and  B) . Second, if M⅐ATP is present at a significant concentration in the pre-mixture before the actin mix (i.e. K 3 is fairly reversible), then an additional slow phase will appear that results from the flux of the reaction through the pathway involving a possible slow actin-associated ATP hydrolysis (K 8 and k 3 Ј) (28). This phase was not significant in our experiments, in line with the quenched-flow and tryptophan fluorescence results showing that K 3 is fairly high and the cleavage step is rapid (k 3 ϩ k Ϫ3 ϭ 160 Ϯ 30 s Ϫ1 ) (Fig. 2, B-C ; TABLE ONE). (A slow phase with a k obs around 0.03 s Ϫ1 was present in all traces, but with control measurements we established that this phase was present also in the absence of mVIIB-S1 (data not shown).) The fast phase k obs increased roughly linearly with actin concentration in the examined range (up to 38 M actin after the second mix) (Fig.  7, A and B) . This indicates that the actin affinity of M⅐ADP⅐P i is low (K 9 Ͼ 40 M), and only a lower limit of k 4 Ј (Ͼ 40 s Ϫ1 ) can be determined.
The linear slope of the plot of k obs versus actin concentration gave an apparent second-order binding constant of M⅐ADP⅐P i binding to actin (k 4 Ј/K 9 , cf. Scheme 1) of 0.79 M Ϫ1 s Ϫ1 (TABLE ONE) .
DISCUSSION
mVIIB-S1 Exhibits a High Duty Ratio-Our detailed kinetic analysis shows that at high ATP and actin concentrations, the ADP release step from actomyosin is the single predominant rate-limiting step in the acto-mVIIB-S1 ATPase cycle (TABLE ONE; Scheme 1). All other steps including P i release occur at least four times faster than the maximal steady-state ATPase rate. The duty ratio, i.e. the fractional abundance of the strong actin-binding states (predominantly the actomyosin⅐ADP state), calculated from the lower boundary of the maximal P i release rate constant (k 4 Ј Ͼ40 s Ϫ1 , entry into the strong binding state) and the ADP release rate constant (k 5 Ј ϭ 10 s Ϫ1 , exit from the strong binding state)
will be at least 80% (ϭ k 4 Ј/(k 4 Ј ϩ k 5 Ј)), similarly to other high duty ratio motors such as myosin V and VI (29, 30) . The ATP hydrolysis equilibrium (K 3 ) is poised toward the M⅐ADP⅐P i state in mVIIB-S1, which greatly contributes to a fast effective rate of P i release, unlike in many other myosins including myosin II (18, 28, 31, 32) , myosin X (19), and Drosophila myosin V (33) in which a more balanced kinetic partitioning between weak actin-binding states (AM⅐ATP, AM⅐ADP⅐P i ) lowers the duty ratio. This partitioning results in a non-negligible steady-state abundance of the weak actin binding states even in the case of mVIIB-S1, which is reflected in the fact that the steady-state V max /K ATPase ratio (0.22 M Ϫ1 s Ϫ1 , Fig. 3 ; TABLE ONE) is remarkably lower than the apparent second-order rate constant of the binding of the M⅐ADP⅐P i products complex to actin (k 4 Ј/K 9 ϭ 0.79 M Ϫ1 s Ϫ1 , Fig. 7B ; TABLE ONE).
Kinetics of ATP-induced Actomyosin Dissociation Reveals Heterogeneity of Acto-mVIIB-S1
Complexes-In the ATP-induced actomVIIB-S1 dissociation transients, two ATP concentration-dependent phases could clearly be resolved throughout the examined ATP concentration range (Fig. 5, A and B ; TABLE TWO). Because the k obs values of both phases showed linear dependences on ATP concentration with very little tendency to saturate and the two phases were present even at low ATP concentrations, we interpret this biphasicity as a result of a conformational heterogeneity of the acto-mVIIB-S1 rigor complex rather than arising from consecutive steps during the actomyosin dissociation process as was the case in mammalian myosin IB (34) . Consistent with this, dmATP binding to acto-mVIIB-S1 was also biphasic (Fig. 6A) . The acto-mVIIB-S1 samples were extensively pretreated with apyrase prior to the stopped-flow experiments, which excludes the possibility that the biphasicity would appear due to the presence of ADP contamination. The fact that the processes of dmADP binding to actomVIIB-S1 (Fig. 6B) and dmATP binding to mVIIB-S1 in the absence of actin (Fig. 1A) were monophasic shows that this phenomenon specifically affects the interaction of ATP (or dmATP) with acto-mVIIB-S1 (Fig. 5, A and B, and Fig. 6A) , and is not a result of the presence of a damaged subpopulation in the mVIIB-S1 protein. The ratios of the fractional amplitudes of the fast and slow phases in the independent experiments utilizing pyrene-actin and dmATP signals were similar (1.3 and 0.9, respectively; TABLE TWO) and indicated a reversible equilibrium between the two acto-mVIIB-S1 conformations (K Ϸ1) with different ATP binding properties. Furthermore, the ratios of the second-order nucleotide binding rate constants of the first and second phases in the pyrene-actin and dmATP experiments were also very similar (4.2 and 4.8, respectively; cf. TABLE TWO). The differences in the absolute values of these rate constants are likely because of the effects of the presence of the pyrenyl and methylanthranyloyl groups in the different experiments.
As indicated from the biphasicity of the records even at low ATP (or dmATP) concentrations (Fig. 5, A and B; Fig. 6A ), the equilibrium between the two acto-mVIIB-S1 states in the absence of nucleotide is considerably slower than the maximal steady-state ATPase rate (interconversion rate constant Ͻ1 s Ϫ1 ), and thus it probably does not form a part of the main ATPase pathway, but its existence may bear important structural implications. Thermodynamic Coupling of ADP and Actin Binding to mVIIB-S1-A number of recent studies have revealed that the thermodynamic coupling between actin and ADP binding to the myosin head varies widely among different myosin isoforms (for reviews see Refs. 35 and 36) . The classically studied sarcomeric myosin IIs (skeletal, cardiac, and scallop striated muscle) and Dictyostelium myosin II show a strong negative coupling, i.e. actin binding to myosin weakens the ADP affinity at least 30-fold and vice versa. In contrast, many other myosins show low actin-ADP coupling, which is associated with high ADP affinities of actomyosin (K 5 Ј Ͻ20 M) and slow ADP release rate constants. The resulting long lifetime (Ͼ50 ms) and high steady-state abundance of the strong binding actomyosin⅐ADP state may play a role in the tension-bearing function of these myosins and is also important in the mechanism of processive stepping of myosins V and VI (29, 30, 37, 38) . Similarly to myosin VI and non-muscle myosin II isoforms, the ADP release constant of mVIIB-S1 was unaffected by actin (TABLE ONE) , which is an important determinant of the long lifetime of the actomyosin⅐ADP state and thus the high duty ratio (18, 30, 31) . The equilibrium constants of actin and ADP binding also showed a lack of coupling between the two binding events (both K 5 Ј/K 5 and K 10 /K 6 were close to unity; see TABLE ONE).
Besides the rate constant of ADP release from actomyosin, the ratio of the rate constants of ATP and ADP binding to actomyosin is an important determinant of the product inhibition of the actomyosin ATPase cycle by ADP, which may have physiological relevance under some conditions, as this ratio is very low in some actomyosins (i.e. they preferably bind ADP) (18, 30, 31) . Most interestingly, the binding rate constants of dmATP and dmADP to acto-mVIIB-S1 (K 1 k 2 ϭ 2.2 M Ϫ1 s Ϫ1 , k 5 Ј ϭ 2.7 M Ϫ1 s Ϫ1 ) were much more similar to each other than those of the unlabeled nucleotides, in which case there was a 4.5-fold preference for ADP (K 1 k 2 ϭ 1.3 M Ϫ1 s Ϫ1 , k Ϫ5 ϭ 5.8 M Ϫ1 s Ϫ1 from pyrene-actin data, TABLES ONE and TWO). Together with the slow ADP release step, these data indicate that the steady-state ATPase activity of mVIIB-S1 will be effectively inhibited by ADP even at ADP/ATP ratios below unity, similarly to the findings of Inoue and Ikebe (15) on rat myosin VIIA. In rat myosin VIIA, however, high ATP concentrations (Ͼ1 mM) were necessary for saturation of the steady-state ATPase activity and in vitro actin gliding motility implying that ATP binding to actomyosin VIIA is rather slow, which is not the case in mVIIB-S1 (Fig. 5, A and B ; Fig. 6 ; TABLE TWO).
Implications for Processivity and Roles in Intracellular
TransportBased on the kinetic features of mVIIB-S1 (high duty ratio, slow ADP release), it is possible that this myosin isoform exhibits vertebrate myosin V-like single molecule processive walking along actin filaments, provided that the heavy chains dimerize via the predicted coiled-coil segment or other domains of the tail region. In line with this, a melanosome transport model for mouse myosin VIIA in retinal pigment epithelial cells has been proposed in which myosin VIIA binds to the melanosome via MyRIP and, in turn, Rab27a proteins (13) . This binding architecture is similar to that described for mouse myosin Va in melanocytes (myosin Va-melanophilin-Rab27a-melanosome) (39, 40) . Apart from singlemolecule processivity, the high duty ratio of myosin VII may be generally necessary for contact and tension maintenance.
